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Overview

Differential pricing has been heralded as an important step in transitioning the traditional grid to a smart grid. It promises to shift peak demand, reduce marginal generation cost, offer low-cost electrical system balancing and deter market power abuse. Trial studies so far have confirmed the effectiveness of differential pricing, especially for residential users. However, results from trial studies could not be readily scaled up for widespread adoption because these studies are conducted under the premise of full consumer participation.Voluntary programs, nevertheless, are prone to the “adverse selection” problem, where only “non-premium” users with low usage in peak hours choose to join the program, providing little benefit to the electricity system. To solve the adverse selection problem, we propose a pricing scheme that customizes differential pricing to different user groups. Users are segmented based on their high-resolution historic electricity consumption profile, and other factors such as demographics, user attitude and appliance stock. Customized pricings can then be offered to “premium” user groups.
The paper is organised as follows:  After the introduction,  the second section gives a brief overview on conventional differential pricing and tariff setting practices. The third section introduces the methodology in selecting the determinants on consumption during peak time. The fourth section demonstrates the segmentation of users by the historic consumption and the selected determinants. Section five proposes a case study of customized differential pricing scheme, Time of Use (TOU),  using the data from the smart metering trial in Ireland. Section six discusses the results and concludes. 
Methods
Mixed random effects model is used to identify the determinants of consumption during peak time.

Clustering techniques are used to cluster historic smart metering data and important demographic, attitudinal and appliance variables.

A case study of TOU pricing scheme is used to illustrate how customized differential pricing works. Data from the smart metering trial in Ireland are used, which contain half-hour smart meter readings and surveys from 5000 households from July 2009 to December 2010. 
Results
First, mixed random effects model finds that several variables, such as living types (such as apartment and house), immersion heaters, have high influence on peak consumption.
Second, user segmentation shows that users have disparate consumption profiles and peak reduction potential.

Third, customized differential pricing is demonstrated to be able to alleviate the adverse selection problem and reduce the total cost.
Conclusions

Conventional voluntary differential pricing leads to an adverse selection of users. This results in limited peak shaving and less revenue for utility companies. By segmenting the users based on historic smart metering data and demographic factors, and then customizing differential pricing to each group, we are able to overcome this problem. Our results demonstrate that customized differential pricing is superior to conventional differential pricing. With the increasing deployment of smart meters and hence the availability of household consumption data, we therefore recommend customized differential pricing to be carefully considered by utility companies and electricity market regulators as a means to reduce cost and improve market efficiency. 
